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The present invention is generally directed to to- 
ri rs, developers, and imaging processes, including a 
full color process for forming multiple color images. 

Toner compositions with colored pigments are 
known. For example, there are disclosed In U.S. Pa- 
tent 4,948,686 processes for the formation of two col- 
or images with a colored developer comprised of a 
first toner comprised of certain resin particles, such as 
styrene butadiene, a first pigment such as copper 
phthalocyanine, a charge control additive, colloidal 
silica and metal salts of fatty acid as external surface 
additives, and a first carrier comprised of a steel core 
with, for example, a terpolymer overcoating; and a 
second developer comprised of a black toner, a sec- 
ond charge additive and a steel core carrier with cer- 
tain polymeric overcoatings, see Claim 1 for example. 
Examples of colored toner pigments are illustrated in 
column 9, lines 10 to 26, and examples of charge ad- 
ditives for the toner are detailed in column 9, lines 27 
to 43, of the aforementioned patent. For the black to- 
ner, there can be selected the components as recited 
in columns 1 0 and 1 1 , including charge additives such 
as distearyl dimethyl ammonium methyl sulfate, see 
column 11, lines 16 to 32. Additionally, the working 
Examples of this patent detail the preparation of a 
number of specific toners. Also, there is illustrated in 
the 4,948,686 patent a process for forming two-color 
images which comprises, for example, (1 ) charging an 
imaging member in an imaging apparatus; (2) creat- 
ing on the member a latent image comprising areas of 
high, intermediate, and low potential; (3) developing 
the low areas of potential by conductive magnetic 
brush development with a developer comprising a col- 
ored first toner comprising a first resin present in an 
amount of from about 80 to about 98.8 percent by 
weight and selected from the group consisting of poly- 
esters, styrene-butadiene polymers, styrene-acrylate 
polymers, styrene-methacrylate polymers, and mix- 
tures thereof; a first pigment present in an amount of 
from about 1 to about 15 percent by weight and select- 
ed from the group consisting of copper phthalocya- 
nine pigments, quinacridone pigments, azo pigments, 
rhodamine pigments, and mixtures thereof; a charge 
control agent present in an amount of from about 0.2 
to about 5 percent by weight; colloidal silica surface 
external additives present in an amount of from about 
0.1 to about 2 percent by weight; and external addi- 
tives comprising metal salts or metal salts of fatty 
acids present in an amount of from about 0.1 to about 
2 percent by weight; and a first carrier comprising a 
stee! core with an average diameter of from about 25 
to about 21 5 microns and a coating selected from the 
group consisting of methyl terpolymer, polymethyl 
methacrylate, and a blend of from about 35 to about 
65 percent by weight of polymethyl methacrylate and 
from about 35 to about 65 perc nt by weight of chlor- 
otrifluoroethylene-vinyl chloride copolymer, wherein 
the coating contains from 0 to about 40 percent by 



weight of the coating of conductive particles and 
wherein the coating w ight is from about 0.2 to about 
3 percent by weight of th carrier; (4) subsequently 
developing the high ar as of potential by conductive 

5 magnetic brush development with a developer com- 
prising a black second toner comprising a second res- 
in present in an amount of from about 80 to about 98.8 
percent by weight and selected from the group con- 
sisting of polyesters, styrene-butadiene polymers, 

w styrene-acrylate polymers, styrenemethacrylate poly- 
mers, and mixtures thereof; a second pigment present 
in an amount of from about 1 to about 15 percent by 
weight; and a second charge control additive present 
in an amount of from about 0.1 to about 6 percent by 

15 weight; and a second carrier comprising a steel core 
with an average diameter of from about 25 to about 
215 microns and a coating selected from the group 
consisting of chlorotrrfluoroethylene-vinyl chloride co- 
polymer containing from 0 to about 40 percent by 

20 weight of conductive particles at a coating weight of 
from about 0.4 to about 1.5 percent by weight of the 
carrier; polyvinylfiuoride at a coating weight of from 
about 0.01 to about 0.2 percent by weight of the car- 
rier; and polyvinylchloride at a coating weight of from 

25 about 0.01 to about 0.2 percent by weight of the car- 
rier; and (5) transferring the developed two-color im- 
age to a substrate. Imaging members suitable for use 
with the process of the copending application may be 
of any type capable of maintaining three distinct levels 

30 of potential. Generally, various dielectric or photocon- 
ductive insulating materials suitable for use in xero- 
graphic, ionographic, or other electrophotographic 
processes may be selected for the above process. Ex- 
amples of suitable photoreceptor materials include 

35 amorphous silicon, layered organic materials as dis- 
closed in U.S. Patent 4,265,990 and the like. 

Processes for obtaining electrophotographic, in- 
cluding xerographic, and two-colored images are 
known. In U.S. Patent 4,264,1 85 there is illustrated an 

40 apparatus for forming two-color images by forming a 
bipolar electrostatic image of a two-color original 
document on a photoconductive drum. A first develop- 
ing unit applies a toner of a first color and polarity to 
the drum and a second developing unit applies a toner 

45 of a second color and polarity to the drum to form a 
two-color electrostatic image which is transferred and 
fixed to a copy sheet. A bias voltage of the first polarity 
is applied to the second developing unit to repel the 
toner of the first color and prevent degradation of the 

so first color toner image. A bias voltage of the second 
polarity is applied to the first developing unit to pre- 
vent contamination of the first color toner with the sec- 
ond color toner. Also, the following United States pa- 
tents are mentioned: 4,308,821 wherein there is dis- 

55 closed a method and apparatus for forming two-color 
images which employs two magnetic brushes; 
4,378,415, which discloses a method of highlight col- 
or imaging which comprises providing a layered or- 
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ganic photoreceptor having a red sensitiv layer and 
a short wavelength sensitive lay r, subjecting the im- 
aging member to negative charges, follow d by sub- 
jecting th imaging member to positive charg s, im- 
agewise exposing the member, and developing with 5 
a colored developer composition comprising positive- 
ly charged toner components, negatively charged to- 
ner components, and carrier particles; 4,430,402, 
which discloses a two-component type dry developer 
for use in dichromatic electrophotography which com- 1 o 
prises two kinds of developers, each of which is com- 
prised of a toner and a carrier, and wherein dichromat- 
ic images can be formed by developing a positively 
and negatively electrified electrostatic latent image 
successively with toners different in polarity and color 15 
from each other 4,594,302 which discloses a devel- 
oping process for two-colored electrophotography 
which comprises charging the surface of a photore- 
ceptor with two photosensitive layers of different 
spectral sensitivities with one polarity, subsequently 20 
charging the photoreceptor with a different polarity, 
exposing a two-colored original to form electrostatic 
latent images having different polarities correspond- 
ing to the two-colored original, developing one latent 
image with a first color toner of one polarity, exposing 25 
the photoreceptor to eliminate electric charges with 
the same polarity as the first color toner which are in- 
duced on the surface of the photoreceptor in the vicin- 
ity of the latent image developed by the first color to- 
ner, and developing the other latent image with a sec- 30 
ond color toner charged with a polarity different from 
that of the first color toner; 4,500,616 which discloses 
a method of developing electrostatic latent images by 
selectively extracting colored grains of one polarity 
from a mixture containing colored grains having oppo- 35 
site polarity to each other in the presence of an alter- 
nating field, followed by development of the electro- 
static image by the selectively extracted colored 
grains; 4,524,117 which discloses an electrophoto- 
graphic method for forming two-colored images which 40 
comprises uniformly charging the surface of a photo- 
receptor having a conductive surface and a photocon- 
ductive layer sensitive to a first color formed on the 
conductive substance, followed by exposing a two- 
colored original to form on the photoconductive layer 45 
a latent image corresponding to a second color region 
in the original with the same polarity as the electric 
charges on the surface of the photoconductive layer; 
4,525,447, which discloses an image forming method 
which comprises forming on a photosensitive member so 
an electrostatic latent image having at least three dif- 
ferent levels of potentials, or comprising first and sec- 
ond latent images and developing the first and second 
latent images with a three component developer; 
4,539,281, which discloses a method of forming di- 55 
chromatic copy images by forming an electrostatic la- 
tent image having a first image portion and a second 
image portion; 4,562,129, which illustrates a method 



of forming dichromatic copy images with a developer 
composed of a high-resistivity magn tic carrier and a 
nonmagnetic insulating toner, which are triboel ctri- 
cally chargeable; 4,640,883, which discloses a meth- 
od of forming composite or dichromatic images which 
comprises forming on an imaging member electro- 
static latent images having at least three different po- 
tential levels, the first and second latent images being 
represented, respectively, by a first potential and a 
second potential relative to a common background 
potential; 4,045,218 and 4,572,651. 

The process of charging a photoresponsive imag- 
ing member to a single polarity and creating on it an 
image comprised of at least three different levels of 
potential of the same polarity is illustrated in U.S. Pa- 
tent 4,078,929. This patent discloses a method of cre- 
ating two-colored images by forming on an imaging 
surface a charge pattern including an area of first 
charge as a background area, a second area of great- 
er voltage than the first area, and a third area of lesser 
voltage than the first area with the second and third 
areas functioning as image areas. The charge pattern 
is developed in a first step with positively charged to- 
ner particles of a first color and, in a subsequent de- 
velopment step, developed with negatively charged 
toner particles of a second color. Alternatively, charge 
patterns may be developed with a dry developer con- 
taining toners of two different colors in a single devel- 
opment step. Also of interest with respect to the trile- 
vel process for generating images is U.S. Patent 
4,686,163. 

In such a process, the photoresponsive imaging 
member can be negatively charged, positively 
charged, or both, and the latent image formed on the 
surface may be comprised of either a positive or a 
negative potential, or both. In one form, the image 
comprises three distinct levels of potential, all being 
of the same polarity. The levels of potential should be 
well differentiated, such that they are separated by at 
least 100 volts, and preferably 200 volts or more. For 
example, a latent image on an imaging member can 
comprise areas of potential at -800, -400, and -100 
volts. In addition, the levels of potential may comprise 
ranges of potential. For example, a latent image may 
consist of a high level of potential ranging from about 
-500 to about -800 volts, an intermediate level of po- 
tential of about -400 volts, and a low level ranging 
from about -1 00 to about -300 volts. An image having 
levels of potential that range over a broad area may 
be created such that gray areas of one color are de- 
veloped in the high range and gray areas of another 
color are developed in the low range with 1 00 volts of 
potential separating the high and low ranges and con- 
stituting the intermediate, undeveloped range. In this 
situation, from 0 to about 100 volts may separate the 
high level of potential from th intermediate level of 
potential, and from 0 to about 100 volts may separate 
the intermediate level of potential from th low level 
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of potential. When a layered organic photoreceptor is 
employ d, preferred potential rang s ar from about 
-700 to about -850 volts for the high level of potential, 
from about -350 to about -450 volts for the interm di- 
ate level of potential, and from about -100 to about - 5 
180 volts for the low level of potential. These values 
will differ depending upon the type of imaging member 
selected. 

Moreover, illustrated in GB-A-2 242 533 are de- 
velopers, toners and imaging processes thereof. In an 10 
embodiment of the copending application, there is 
provided a process for forming two-color images 
which comprises (1) charging an imaging member in 
an imaging apparatus; (2) creating on the member a 
latent image comprising areas of high, intermediate, 15 
and low potential; (3) developing the low areas of po- 
tential by, for example, conductive magnetic brush de- 
velopment with a developer comprising carrier partic- 
les, and a colored first toner comprised of resin par- 
ticles, colored, other than black, pigment particles, 20 
and an aluminum complex charge enhancing addi- 
tive; (4) subsequently developing the high areas of 
potential by conductive magnetic brush development 
with a developer comprising a second black develop- 
er comprised of carrier particles and a toner com- 25 
prised of resin, black pigment, such as carbon black, 
and a charge enhancing additive; (5) transferring the 
developed two-color image to a suitable substrate; 
and (6) fixing the image thereto. In an embodiment of 
the aforementioned copending applicaiton the first de- 30 
veloper comprises, for example, a first toner com- 
prised of resin present in an effective amount of from, 
for example, about 70 to about 98 percent by weight, 
which resin can be selected from the group consisting 
of polyesters, styrene- butadiene polymers, styrene- 35 
acrylate polymers, styrene-methacrylate polymers, 
Pliolites®, crosslinked styrene acrylates, crosslinked 
styrene methacrylates, and the like wherein the cross- 
linking component is, for example, divinyi benzene, 
and mixtures thereof; a first colored blue, especially 40 
PV Fast Blue™ pigment present in an effective 
amount of from, for example, about 1 to about 1 5 per- 
cent by weight, and preferably from about 1 to about 
3 weight percent; an aluminum complex charge en- 
hancing additive; and a second developer comprised 45 
of a second toner comprised of resin present in an ef- 
fective amount of from, for example, about 70 to about 
98 percent by weight, which resin can be selected 
from the group consisting of polyesters, styrene-buta- 
diene polymers, styrene-acrylate polymers, styrene- 50 
methacrylate polymers, Pliolites®, crosslinked styr- 
ene acrylates, crosslinked styrene methacrylates, 
and the like wherein the crosslinking componentis, for 
example, divinyi benzene, and mixtures thereof; and 
a black pigment present in an effective amount of 55 
from, for example, about 1 to about 15 percent by 
weight, and preferably from about 1 to about 5 weight 
percent wherein the aforem ntioned black ton r con- 



tains a charg enhancing additive such as an alkyl 
pyridinium halide, and pr f rably cetyl pyridinium 
chloride, and in a preferred embodiment the black to- 
ner is comprised of 92 percent by w ight of a styren 
n-butyl methyacrylate copolymer (58/42), 6 percent 
by weight of Regal 330® carbon black, and 2 percent 
by weight of the charge enhancing additive cetyl pyr- 
idinium chloride. 

The present invention provides toner composi- 
tions comprised of resin particles, magenta pigment 
particles, optional charge enhancing additive compo- 
nents, and surface additives comprised of colloidal sil- 
icas, and polymeric hydroxy compounds, such as 
UNILIN® components, available from Petrolite Cor- 
poration. Preferably, the magenta pigments are flush- 
ed into the toner by known methods, and as described 
herein. In one form of the invention, the resin is com- 
prised of a styrene butadiene, and the magenta pig- 
ment is a FANAL PIGMENT™. Also, there can be add- 
ed to the toner negative charge additives, such as alu- 
minum complexes, reference U.S. Patent 4,845,003 
like BONTRON E-88® available from Orient Chemi- 
cal, which additives can function to lower the tribo of 
the toner, for example from about 35 to about a posi- 
tive 17 to about a positive 25 microcoulombs per 
gram. A process for preparing toner compositions in 
accordance with the present invention comprises ad- 
mixing resin particles with magenta pigment particles, 
and a positive charge enhancing additive or a nega- 
tive charge enhancing additive like an aluminum com- 
plex such as BONTRON E-88® available from Orient 
Chemical of Japan, and thereafter adding surface ad- 
ditives thereto. Developers can be prepared by ad- 
mixing the aforementioned toners with known carri- 
ers, such as steel, ferrites, and the like, which carriers 
are usually coated with a polymer, such as polymethy- 
lacrylate, KYNAR®, or mixtures thereof. 

Also, the developers in accordance with the pres- 
ent invention can be selected for a full color process, 
and for a process for obtaining two-color images, 
which process comprises (1) charging an imaging 
member in an imaging apparatus; (2) creating on the 
member a latent image comprising areas of high, in- 
termediate, and low potential; (3) developing the low 
areas of potential by, for example, conductive mag- 
netic brush development with a developer comprising 
carrier particles, and a passivated colored magenta 
toner as illustrated herein; (4) subsequently develop- 
ing the high areas of potential, for example by conduc- 
tive magnetic brush development, with a second de- 
veloper comprised of carrier particles and a toner 
comprised of resin, black pigment, such as carbon 
black, and a charge enhancing additive; (5) transfer- 
ring the developed two-color image to a suitable sub- 
strate; and (6) fixing the image thereto. 

In a process of that type, the imaging member 
may be comprised of a layer d organic photoreceptor. 
In on form of the process, the high level of pot ntial 
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is from about -750 to about -850 volts, the interm di- 
ate level of potential is from about -350 to about -450 
volts, and the low lev I of pot ntial is from about -1 00 
to about -180 volts. 

In a process as defined above, the carrier may 
have an average diameter of from about 50 to about 
1 50 microns. The carrier may comprise a coating of 
methyl terpolymer containing from 0.1 to about 40 per- 
cent by weight of carbon black at a coating weight of 
from about 0.4 to about 1.5 percent by weight of the 
carrier. Alternatively, the carrier may comprise a coat- 
ing comprised of a mixture of polymethyl methacrylate 
present in an amount of from about 80 to about 90 per- 
cent by weight, and carbon black present in an 
amount of from about 1 0 to about 20 percent by weight 
at a coating weight of about 1 percent by weight of the 
carrier. As yet a further alternative, the carrier may 
comprise an unoxidized steel core coated with poly- 
vinylfluoride at a coating weight of about 0.05 percent 
by weight of the core wherein the carrier has a con- 
ductivity of about 7.6 x 10r 10 (ohm-cm)" 1 . 

A toner in accordance with the present invention 
can be used in a color imaging process which com- 
prises the development in sequence of latent images 
formed on an imaging member, the toner being used 
to develop one of the said images. In a process of that 
type, one image may be developed with a yellow to- 
ner, and one image with a cyan toner. 

Examples of known resin particles selected for 
the toners of the present invention include styrene ac- 
rylates, styrene methacrylates, polyesters, cross- 
linked styrene methacrylates, styrene butadienes, es- 
pecially those with a high, such as from about 80 to 
about 95 weight percent styrene content, like the com- 
mercially available Goodyear PLIOLITES®, PLIO- 
TONES®, and the like. The resin is present in an ef- 
fective amount of from, for example, about 70 to about 
98 percent by weight Specific toner resins include 
known styrene acrylates, styrene methacrylates 
(58/32), linear, and branched polyesters, Pliolites®, 
Pliotones® available from Goodyear Chemical Com- 
pany, styrene-butadiene polymers, particularly styr- 
ene-butadiene copolymers wherein the styrene por- 
tion is present in an amount of from about 83 to about 
93 percent by weight, and preferably about 88 percent 
by weight, and the butadiene portion is present in an 
amount of from about 7 to about 17 percent by weight, 
and preferably about 12 percent by weight Also suit- 
able are styrene- n-butylmethacrylate polymers, par- 
ticularly those styrene-n-butylmethacrylate copoly- 
mers wherein the styrene segment is present in an 
amount of from about 50 to about 70 percent by 
weight, preferably about 58 percent by weight, and 
the n-butylmethacrylate portion is present in an 
amount of from about 30 to about 50 percent by 
weight, pr ferably about 42 p rcent by weight. Mix- 
tures of thes resins may also b selected. 

Exampl s of magenta pigments include HOSTA- 



PERM PINK E™, available from American Hoechst, 
HOSTAPERM PINK EB™, available from American 
Hoechst, FANAL PINK D4830™, available from 
BASF, LITHOL RUBINE NBD 4573™, available from 

5 BASF, effective mixtures thereof, such as for example 
mixtures of HOSTAPERM PINK EB™, or HOSTA- 
PERM PINK E™ with BASONYL RED 560™available 
from BASF. The aforementioned magenta pigment is 
present in the toner in various effective amounts, such 

10 as for example from about 0.1 to about 15 weight per- 
cent, and preferably from about 1 to about 5 weight 
percent. Also, in embodiments for the magenta toner 
about 3.2 weight percent of HOSTAPERM PINK E™ 
with 0.1 to 0.3 weight percent of BASONYL RED 

15 560™ can be selected per 1 00 parts of toner. 

Optional charge enhancing additives, which are 
present in the toner in various effective amounts, such 
as from about 0 to about 20, and preferably from about 
0.05 to about 3 weight percent, include metal com- 

20 plexes and known additives such as distearyi dime- 
thyl ammonium methyl sulfate, cetyl pyridinium ha- 
lide, especially the chloride, bisulfides, and mixtures 
thereof in embodiments. Examples of specific charge 
additives include alkyl pyridinium halides, and prefer- 

25 ably cetyl pyridinium chloride, reference U.S. Patent 
4,298,672; organic sulfates and sulfonates, reference 
U.S. Patent 4,338,390; distearyi dimethyl ammonium 
methyl sulfate (DDAMS), reference U.S. Patent 
4,560,635; and the like. This toner in embodiments 

30 usually possesses a positive charge of from about 1 0 
to about 45 microcoulombs per gram, and preferably 
from about 5 to about 25 microcoulombs per gram, 
which charge is dependent on a number of known fac- 
tors, including the amount of charge enhancing addi- 

35 tive present and the exact composition of the other 
compositions such as the toner resin, the pigment, the 
carrier core, and the coating selected for the carrier 
core; and an admix time of from about 15 to about 60 
seconds and preferably from about 15 to about 30 

40 seconds. These additives are present in various ef- 
fective amounts of, for example, from about 0.1 to 
about 20 weight percent and preferably from about 1 
to about 10 weight percent. In the preparation of the 
colored and toner compositions, normally the prod- 

45 ucts obtained comprised of toner resin, pigment and 
optional charge enhancing additive can be subjected 
to micronization and classification, which classifica- 
tion is primarily for the purpose of removing fines, and 
substantially very large particles to enable, for exam- 

50 pie, toner particles with an average volume diameter 
of from about 5 to about 25 microns, and preferably 
from about 10 to about 20 microns. The aforemen- 
tioned toners may include as surface or external com- 
ponents additives in an effective amount of, for exam- 

55 pie, from about 0.1 to about 3 weight percent, colloidal 
silicas, such as AEROSIL 972®, metal salts, metal 
salts of fatty acids, especially zinc stearat , reference 
for example U.S. Patents 3,590,000; 3,655,374; 
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3,900,588 and 3,983,045, metal oxides and th like as 
illustrat d herein for the primary purpos of controlling 
toner conductivity and powder flowability. Examples 
of sp cific external additives of colloidal silica, include 
Aerosil R972®, Aerosil R #76®, Aerosil R812®, and 
the like, available from Degussa, and metal salts or 
metal salts of fatty acids, such as zinc stearate, mag- 
nesium stearate, aluminum stearate, cadmium stear- 
ate, and the like, may be blended on the surface of the 
colored toners. Toners with these additives blended 
on the surface are disclosed in the prior art such as 
U.S. Patents 3,590,000; 3,720,617; 3,900,588 and 
3,983,045. Generally, the silica is present in an 
amount of from about 0.1 to about2 percent by weight, 
and preferably from about 0.3 percent by weight of the 
toner, and the stearate is present in an amount of from 
about 0.1 to about 2 percent by weight, and preferably 
about 0.3 percent by weight of the toner. Varying the 
amounts of these two external additives enables ad- 
justment of the charge levels and conductivities of the 
toners. For example, increasing the amount of silica 
generally adjusts the triboelectric charge in a negative 
direction and improves admix times, which is a meas- 
ure of the amount of time required for fresh toner to 
become triboelectrically charged after coming into 
contact with a developer. In addition, increasing the 
amount of stearate improves admix times, renders the 
developer composition more conductive, adjusts the 
triboelectric charge in a positive direction, and im- 
proves humidity insensitivity. 

Moreover, toners of the present invention contain 
as surface additives polyhydroxy compounds, such 
as UNILINS® available from Petrolite Corporation, 
reference U.S. Patent 4,883,736. These additives are 
present in various effective amounts, such as for ex- 
ample from about 1 to about 10, and preferably from 
about 1 to about 3 weight percent. 

As negative charge additives there may be se- 
lected in effective amounts of, for example, from 
about 0.1 to about 10 weight percent metal com- 
plexes, such as BONTRON E-84™, BONTRON E- 
88™, available from Orient Chemicals. The toners 
with the aforementioned negative charge additives 
are comprised in embodiments of, for example, flush- 
ed FANAL PINK D4830™ comprised of about 40 per- 
cent of pigment and 60 percent of toner resin like styr- 
ene butadiene copolymer, BONTRON E-88™, and as 
surface additives a mixture of AEROSIL #76®, a met- 
al oxide, such as a tin oxide S-1, and UNILIN® In a 
developer incorporating such a toner, the carrier par- 
ticles may be comprised of, for example, a ferrite, es- 
pecially a copper zinc ferrite available from Steward 
Chemical Company with a coating mixture of, for ex- 
ample, polyvinylfluoride (KYNAR®), 40 weight per- 
cent, and polymethyl methacrylat , 60 weight per- 
cent. The aforementioned additive mixture is present 
in various effective amounts, such as for example 
from about 0.4 to about 1.0 weight p rc ntofth Ae- 



rosil R #76®, from about 0.4 to about 0.8 weight per- 
cent of the metal oxide availabl from Mitsubishi Cor- 
° poration, as S-1, and from about 0.4 to about 0.8 
weight percent of the UNILIN®, available from Petro- 

5 lite Corporation. Other effective amounts of th mix- 
ture may be selected. 

The carrier for a magenta developer in an em- 
bodiment of the present invention can be comprised 
ofa steel core with an average diameter of from about 

10 25 to about 225 microns, and a coating thereover se- 
lected from the group consisting of methyl terpolymer, 
polymethyl methacrylate, and a blend of from about 
35 to about 65 percent by weight of polymethyl metha- 
crylate and from about 35 to about 65 percent by 

15 weight of chlorotrifluoroethylene-vinyl chloride copo- 
lymer, wherein the coating contains from 0 to about 40 
percent by weight of the coating, conductive particles, 
such as carbon black, like VULCAN® carbon black, 
and wherein the coating weight is from about 0.2 to 

20 about 3 percent by weight of the carrier. The carrier 
for the black developer can be comprised of a steel 
core with an average diameter of from about 25 to 
about 225 microns, and a coating thereover selected 
from the group consisting of chlorotrifluoroethylene- 

25 vinyl chloride copolymer containing from 0 to about 40 
percent by weight of conductive particles, and where- 
in the coating weight is from about 0.4 to about 1 .5 
percent by weight of the carrier; polyvinylfluoride at a 
coating weight of from about 0.01 to about 0.2 percent 

30 by weight of the carrier and polyvinylchloride at a 
coating weight of from about 0.01 to about 0.2 percent 
by weight of the carrier. The carriers in embodiments 
are generally conductive, and exhibit in an embodi- 
ment of the present invention a conductivity of, for ex- 

35 ample, from about 1 0r 14 to about 1 0r 6 , and preferably 
from about 1 0r 1 1 to about 1 0~ 7 (ohm-cm)- 1 . Conductiv- 
ity is generally controlled by the choice of carrier core 
and coating by partially coating the carrier core, or by 
coating the core with a coating containing carbon 

40 black until the carrier is rendered conductive. In addi- 
tion, irregularly shaped carrier particle surfaces and 
toner concentrations of from about 0.2 to about 5 can 
render the developer conductive. Addition of a sur- 
face additive such as zinc stearate to the surface of 

45 the toner particles also can render a developer con- 
ductive with the level of conductivity rising with in- 
creased concentrations of the additive. Other known 
carriers may also be selected, including the carriers 
as illustrated in U.S. Patent 4,883,736 and U.S. Pa- 
so tents 4,937,166 and 4,935,326. The aforementioned 
carriers in one embodiment comprise a core with two 
polymer coatings not in close proximity in the tribo- 
electric series. 

More specifically, the carrier for the developers of 

55 the present invention can comprise ferrite, iron or a 
steel cor , preferably unoxidized, such as Hoeganes 
Anchor St el Grit, with an av rage diameter of from 
about 25 to about 215 microns, and preferably from 
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about 50 to about 1 50 microns, with one preferred car- 
rier being a copper zinc ferrite availabl from Steward 
Chemical, coated with a polymers, such as a mixture 
of KYNAR®, and polymethyl methacrylat , by powder 
coating processes as illustrated in U.S. Patents 
4,937,166 and 4,935,326. In another form the coating 
is comprised of a terpolymerof styrene, methacrylate, 
and an organic siloxane. The carrier cores can also be 
coated with a solution coating of methyl terpolymer, 
reference for example U.S. Patents 3,467,634 and 
3,526,533, containing from 0 to about 40 percent by 
weight of conductive particles, such as carbon black 
or other conductive particles as disclosed in U.S. Pa- 
tent 3,533,835. Also, the carrier coating may comprise 
polymethyl methacrylate containing conductive par- 
ticles in an amount of from 0 to about 40 percent by 
weight of the polymethyl methacrylate, and preferably 
from about 10 to about 20 percent by weight of the 
polymethyl methacrylate, wherein the coating weight 
is from about 0.2 to about 3 percent by weight of the 
carrier and preferably about 1 percent by weight of the 
carrier. Another carrier coating for the carrier of the 
colored developer comprises a blend of from about 35 
to about 65 percent by weig ht of polymethyl methacry- 
late and from about 35 to about 65 percent by weight 
of chlorotrifluoroethylene-vinyi chloride copolymer, 
commercially available as OXY 461® from Occidental 
Petroleum Company and containing conductive par- 
ticles in an amount of from 0 to about 40 percent by 
weight, and preferably from about 20 to about 30 per- 
cent by weight, and wherein the coating weight is from 
about 0.2 to about 3 percent by weight of the carrier, 
and preferably about 1 percent by weight of the carri- 
er. 

Examples of imaging members selected for the 
processes of the present invention may be of any type 
capable of maintaining three distinct levels of poten- 
tial. Generally, various dielectric or photoconductive 
insulating material suitable for use in xerographic, 
ionographic, or other electrophotographic processes 
may be used, such as amorphous silicon, layered or- 
ganic materials as disclosed in U.S. Patent 4,265,990 
and the like. The photoresponsive imaging member 
can be negatively charged, positively charged, or 
both, and the latent image formed on the surface may 
comprise either a positive or a negative potential, or 
both. In one embodiment, the image is comprised of 
three distinct levels of potential, all being of the same 
polarity. The levels of potential should be well differ- 
entiated, such that they are separated by at least 100 
volts, and preferably 200 volts or more. For example, 
a latent image on an imaging member can be com- 
prised of areas of potential at -800, -400, and -100 
volts. In addition, the levels of potential may be com- 
prised of ranges of potential. For example, a latent im- 
age may comprise a high level of potential ranging 
from about -500 to about -800 volts, an intermediate 
level of potential of about -400 volts, and a low level 



ranging from about - 1 00 to about -300 volts. An image 
having I velsof potential that range ov r a broad area 
may be created such that gray areas of one color are 
developed in the high range and gray ar as of another 

5 color are developed in the low range with 1 00 volts of 
potential separating the high and low ranges and con- 
stituting the intermediate, undeveloped range. In this 
situation, from 0 to about 100 volts may separate the 
high level of potential from the intermediate level of 

10 potential, and from 0 to about 1 00 volts may separate 
the intermediate level of potential from the low level 
of potential. When a layered organic photoreceptor is 
employed, preferred potential ranges are from about 
-700 to about -850 volts for the high level of potential, 

15 from about -350 to about -450 volts for the intermedi- 
ate level of potential, and from about -100 to about - 
180 volts for the low level of potential. These values 
will differ depending upon the type of imaging member 
selected. 

20 The latent image comprised of three levels of po- 
tential, hereinafter referred to as a trilevel image, may 
be formed on the imaging member by any of various 
suitable methods, such as those illustrated in U.S. Pa- 
tent 4,078,929. For example, a trilevel charge pattern 

25 may be formed on the imaging member by the xero- 
graphic method of first uniformly charging the imaging 
member in the dark to a single polarity, followed by ex- 
posing the member to an original having areas both 
lighter and darker than the background area, such as 

30 a piece of gray paper having both white and black im- 
ages thereon. In a preferred embodiment, a trilevel 
charge pattern may be formed by means of a raster 
output scanner, optically modulating laser light as it 
scans a uniformly charged photoconductive imaging 

35 member. In this embodiment, the areas of high poten- 
tial are formed by turning the light source off, the 
areas of intermediate potential are formed by expos- 
ing the imaging member to the light source at partial 
power, and the areas of low potential are formed by 

40 exposing the imaging member to the light source at 
full power. Other electrophotographic and ionograph- 
ic methods of generating latent images are also ac- 
ceptable. 

Generally, with the process of the present inven- 
ts tion in embodiments the highlighted areas of the im- 
age are developed with a developer comprised of the 
magenta passivated toner, while the remaining por- 
tions of the image are developed with the black devel- 
oper illustrated herein comprised, for example, of res- 
50 in particles, black pigment particles, such as carbon 
black, like REGAL 330® carbon black. In general, the 
highlighted color portions are developed first to mini- 
mize the interaction between the two developers, 
thereby maintaining the high quality of the black im- 
55 age. 

Development is generally accomplished by the 
magnetic brush development process disclosed in 
U.S. Patent 2,874,063. This method entails the carry- 
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ing of a develop r material containing toner and mag- 
netic carrier particl s by a magnet. The magnetic field 
of the magnet causes alignment of the magnetic car- 
riers in a brushlik configuration, and this "magnetic 
brush" is brought into contact with the electrostatic im- 
age bearing surface of the photoreceptor. The toner 
particles are drawn from the brush to the electrostatic 
image by electrostatic attraction to the undischarged 
areas of the photoreceptor, and development of the 
image results. For the process of the present inven- 
tion, the conductive magnetic brush process is gener- 
ally preferred wherein the developer comprises con- 
ductive carrier particles and is capable of conducting 
an electric field between the biased magnet through 
the carrier particles to the photoreceptor. Conductive 
magnetic brush development is generally employed 
for the process of the present invention in view of the 
relatively small development potentials of around 200 
volts that are generally available for the process; con- 
ductive development ensures that sufficient toner is 
presented on the photoreceptor under these develop- 
ment potentials to result in acceptable image density. 
Conductive development is also preferred to ensure 
that fringe fields occurring around the edges of im- 
ages of one color are not developed by the toner of the 
other color. 

During the development process, the developer 
housings can be biased to a voltage between the level 
of potential being developed and the intermediate lev- 
el of charge on the imaging member. For example, if 
the latent image comprises a high level of potential of 
about -800 volts, an intermediate level of potential of 
about -400 volts, and a low level of about -100 volts, 
the developer housing containing the colored passi- 
vated positively charged toner that develops the high 
areas of potential may be biased to about -500 volts 
and the developer housing containing the negatively 
charged toner that develops the low areas of potential 
may be biased to about -300 volts. These biases re- 
sult in a development potential of about -200 volts for 
the high areas of potential, which will be developed 
with a positively charged toner, and a development 
potential of about + 200 volts for the low areas of po- 
tential, which will be developed with a negatively 
charged toner. Background deposits are suppressed 
by keeping the background intermediate voltage be- 
tween the bias on the color developer housing and the 
bias on the black developer housing. Generally, it is 
preferred to bias the housing containing the positive 
toner to a voltage of from about 1 00 to about 1 50 volts 
above the intermediate level of potential and to bias 
the housing containing the negative toner to a voltage 
of from about 100 to about 150 volts below the inter- 
mediate level of potential, although these values may 
be outside these ranges. 

The d velop d image is then transferred to any 
suitabl substrate, such as paper, transparency ma- 
terial, and th lik . Prior to transf r, it is preferred to 



apply a charge by means of a corotron to the devel- 
oped imag in order to charg both toners to th same 
polarity, thus enhancing transfer. Transfer may be by 
any suitable means, such as by charging the back of 

5 the substrate with a corotron to a polarity opposite to 
the polarity of the toner. The transferred image is then 
permanently affixed to the substrate by any suitable 
means. For the toners of the present invention, fusing 
by application of heat and pressure is preferred. 

10 For the black developers comprised of a positive- 

ly charge toner with a pigment such as carbon black, 
which developers can be comprised of similar compo- 
nents as the aforementioned colored magenta devel- 
opers, with the exceptions that a black instead of ma- 
ts genta pigment is selected, and the charge enhancing 
additive is, for example, an alky) pyridtnium chloride, 
and preferably cetyl pyridinium chloride, which is 
present in an effective amount of, for example, from 
about 0.1 to about 10 weight percent, and preferably 

20 from about 1 to about 5 weight percent, are usually se- 
lected for the development of the high potentials. Ex- 
amples of black developers suitable for the process of 
the present invention comprise a toner and a earner. 
The carrier comprises in an embodiment of the pres- 

25 ent invention ferrite, steel or a steel core, such as 
Hoeganes Anchor Steel Grit, with an average diame- 
ter of from about 25 to about 215 microns, and prefer- 
ably from about 50 to about 150 microns, with a coat- 
ing of chlorotrifluoroethylenevinyl chloride copolymer, 

30 commercially available as OXY 461® from Occidental 
Petroleum Company, which coating contains from 0 to 
about 40 percent by weight of conductive particles ho- 
mogeneously dispersed in the coating at a coating 
weight of from about 0.4 to about 1.5 percent by 

35 weight. This coating is generally solution coated onto 
the carrier core from a suitable solvent, such as me- 
thyl ethyl ketone or toluene. Alternatively, the carrier 
coating may comprise a coating of polyvinyl fluoride, 
commercially available as Tedlar® from E.I. DuPont 

40 de Nemours and Company, present in a coating 
weight of from about 0.01 to about 0.2, and preferably 
about 0.05 percent by weight of the carrier. The poly- 
vinyl fluoride coating is generally coated onto the core 
by a powder coating process wherein the carrier core 

45 is coated with the polyvinyl fluoride in powder form 
and subsequently heated to fuse the coating- In one 
preferred embodiment, the carrier comprises an un- 
oxidized steel core which is blended with polyvinyl flu- 
oride (Tedlar®), wherein the polyvinyl fluoride is pres- 

50 ent in an amount of about 0.05 percent by weight of 
the core. This mixture is then heat treated in a kiln at 
about 400°F to fuse the polyvinyl fluoride coating to 
the core. 

Developer compositions selected for the proc- 
55 esses of the present invention generally comprise va- 
rious effectiv amounts of carrier and toner. General- 
ly, from about 0.5 to about 5 p rcent by weight of toner 
and from about 95 to about 99.5 percent by w ight of 
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carrier are admixed to formulat the developer. The 
ratio of toner to carrier may vary depending, for exam- 
ple, on the tribo charge and the lik desired. For x- 
ampl , an imaging apparatus employed for the proc- 
ess of the present invention may be replenished with 
a colored developer comprising about 55 percent by 
weight of toner and about 45 percent by weight of car- 
rier. The triboelectric charge of the colored toners 
generally is from about 1 0 to about 30, and preferably 
from about 15 to about 20 microcoulombs per gram, 
although the value may be outside of this range. Par- 
ticle size of the colored toners is generally from about 
7 to about 20 microns in volume average diameter, 
and preferably about 13 microns in volume average 
diameter in embodiments. 

The black positively charged toners may also op- 
tionally contain as an external additive a linear poly- 
meric alcohol, or polyhydroxy compound, such as 
UNILIN®, comprising a fully saturated hydrocarbon 
backbone with at least about 80 percent of the poly- 
meric chains terminated at one chain end with a hy- 
droxyl group. The linear polymeric alcohol is of the 
general formula CH 3 (CH2)nCH 2 OH, wherein n is a 
number of from about 30 to about 300, and preferably 
from about 30 to about 50, reference U.S. Patent 
4,883,736. 

Linear polymeric alcohols of this type are generally 
available from Petrolite Chemical Company as Uni- 
lin®. The linear polymeric alcohol is generally present 
in an amount of from about 0.1 to about 1 percent by 
weight of the toner. 

Black developer compositions may comprise 
from about 1 to about 5 percent by weight of the toner 
and from about 95 to about 99 percent by weight of the 
carrier. The ratio of toner to carrier may vary. For ex- 
ample, an imaging apparatus employed for the proc- 
ess of the present invention may be replenished with 
a colored developer comprising about 65 percent by 
weight of toner and about 35 percent by weight of car- 
rier. The triboelectric charge of the black toners gen- 
erally is from about -10 to about -30, and preferably 
from about -13 to about -18 microcoulombs per gram. 
Particle size of the black toners is generally from 
about 8 to about 13 microns in volume average diam- 
eter, and preferably about 1 1 microns in volume aver- 
age diameter. 

Preferably, the toners and developers of the pres- 
ent invention are selected for known full process color 
as illustrated herein. 

The toners of the present invention may be pre- 
pared by processes such as extrusion, which is a con- 
tinuous process that comprises dry blending the resin, 
pigment, and optional charge control additive, placing 
them into an extruder, melting and mixing the mixture, 
extruding th material, and reducing the extruded ma- 
terial to pellet form. The pellets ar further reduced in 
size by grinding or jetting, and ar then classifi d by 
particl siz . In an mbodim ntofthepres ntinv n- 



tion, toner compositions with an average particle siz 
of from about 10 to about 25, and preferably from 10 
to about 15 microns are preferred. External additives 
such as linear polymeric alcohols, silica, and/or metal 

5 oxides can then be blended with the classified toner 
in a powder blender. Subsequent admixing of the to- 
ners with the carriers, generally in amounts of from 
about 0.5 to about 5 percent by weight of the toner and 
from about 95 to about 99.5 percent by weight of the 

10 carrier, provides the developers of the present inven- 
tion. Other known toner preparation processes can be 
selected including melt mixing of the components in, 
for example, a Banbury, followed by cooling, attrition 
and classification. 

15 Flushing of the pigment, such as the magenta can 

be accomplished by admixing an aqueous presscake 
of the purchased pigment with an organic liquid, or an 
organic vehicle, like, for example, a synthetic resin/or- 
ganic solverifmix, whereby the pigment transfers 

20 spontaneously to the organic phase, leaving the aqu- 
eous phase free of pigment. Some of the water can be 
removed by pouring, while any excess water remaing 
can be removed by heat and/or vacuum drying. The 
flushing process disperses the pigment into the afore- 

25 mentioned organic medium; and further dispersion 
can be accomplished by mixing in a sigma blade mix- 
er. The sigma blade mixer can be equipped with a 
heat transfer jacket, and a high power to volume ratio. 
Normally, a 2 to 4 HP gallon is selected for the mixing, 

30 and loading for the resin/pigment flushing is 2/3 of the 
volume capacity of the mixing bowl set up on pivots. 
The presscake selected is comprised of the pigment, 
such as magenta, dispersed in an aqueous phase, 
about 50 to about 70 percent water; the organic sol- 

35 vents can be toluene, xylenes, methyl ethyl ketone, 
chlorinated aliphatic components, and the like; and 
wherein the resin/pigment mixture resulting after 
flushing comprises from about 25 to about 45 percent 
of pigment. Subsequently, the resin mixture can be 

40 pulverized. 

Embodiments of the present invention include a 
toner comprised of resin particles, magenta pigment 
particles, and surface additive particles comprised of 
a mixture of colloidal silica, metal oxide, and a poly- 

45 meric hydroxy compound; a positively charged ma- 
genta toner comprised of resin, a flushed magenta 
pigment, a charge enhancing additive, and surface 
additve particles comprised of a mixture of colloidal 
silica and metal oxide particles; a color imaging proc- 

50 ess which comprises the development in sequence of 
latent images formed on an imaging member, and 
wherein one of the images is developed with the flush- 
ed magenta toner illustrated herein; or wherein a ser- 
ies of images are developed with the magenta toner 

55 illustrat d herein, followed by development of an im- 
age with a yellow toner, and the development of a third 
image with a cyan toner. 

Toners and developers in accordance with the 
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pres nt invention can be utilized in specific color im- 
aging proc ss s, such as process color, and the lik . 
Anexampl oftheaforem ntioned development proc- 
ess comprises a develop r housing with a twin auger 
transport single magnetic brush design mounted in 5 
the approximate 6 o'clock orientation. The magnetic 
brush roll (developer roll) is about 30 millimeters in di- 
ameter, sandblasted for roughness, and preferably 
operates at about 1 .5 times the speed of the photore- 
ceptor, or imaging member. The developer roll is 10 
spaced about 0.5 millimeter from the photoreceptor 
and is biased with a square wave 550 volt RMS 2.0 
KHz AC bias added to the DC bias which is variable 
between 0 and -500 volts depending upon the photo- 
receptor discharge characteristics, and the desired 15 
xerographic developability established by the control 
algorithm. A stationary magnet is situated internal to 
the rotating developer roll sleeve, and is comprised of 
a ferrite with a designed magnetic pole configuration 
to satisfy the requirements of controlling the develop- 20 
er transport and developability. The developer flow 
(termed Mass on the Sleeve, or MOS) can be control- 
led by the location of a low permeability trimmer bar 
in the magnetic field at the point of trimming. Typically, 
the MOS is set at 33 ± 3 mg/cm 2 and is sensitive to 25 
the trim gap, toner concentration (TC) and developer 
tribo, hence, the developer housing has a toner con- 
centration sensor as part of the process control circui- 
try. The twin augers in the developer housing sump 
transport the developer in opposite directions, first 30 
past the toner dispenser then to the developer pick up 
region of the developer roll. The augers have slits built 
into them in order to facilitate the mixing of the fresh 
toner added to the developer. Usually a number of la- 
tent images are formed and developed sequentially 35 
on the imaging member with an appropriate toner, 
such as that of the present invention for the magenta 
color. 

A number of advantages are associated with to- 
ner in accordance with the present invention and as 40 
described herein, including significantly improved col- 
or especially in the red and blue region, lower cost, 
lower fuser minimum fixing temperature (MFT), and 
improved fuser life. There can be added to the toner 
a negative charge additive, such as an aluminum 45 
complex, as mentioned herein like BONTRON E- 
88™, available from Orient Chemical, thereby lower- 
ing the triboelectrical charge of the toner; and a com- 
mon carrier can be used for each colored toner. Also, 
there are provided in accordance with the present in- so 
vention processes for obtaining passivated magenta 
toners, and more specifically wherein the magenta 
pigments are passivated thereby decreasing, or sub- 
stantially eliminating their adverse effects on the elec- 
trical characteristics of the toner and developer com- 55 
positions containing such pigm nts. Other advantag- 
es associated with the present invention include the 
provision of ad veloperwith stabl positiv triboelec- 



tical toner characteristics which enables the genera- 
tion of high quality imag s subsequ nt to develop- 
ment, that is images with substantially no background 
deposits and substantially no sm aring for a broad 
range of relative humidity conditions, that is for exam- 
ple from 20 to 80 percent relative humidity at an effec- 
tive range of temperature zones ranging, for example, 
from about 20°C to about 80°C. 

Passivation can be achieved by, for example, the 
admixing of the magenta pigment and charge addi- 
tives with the toner resin particles. One advantage as- 
sociated with processes in accordance with the pres- 
ent invention is the ability to generate high quality mul- 
ticolor, especially three, images, one of which is ma- 
genta, and the other of which can be yellow and cyan 
in a single development pass. 

The following Examples are provided. All parts 
and percentages are by weight unless otherwise indi- 
cated. 

EXAMPLE I 

A magenta developer composition was prepared 
as follows: Ninety four (94) percent by weight of styr- 
ene butadiene (89/11) 5 percent of the flushed pig- 
ment HOSTAPERM PINK E™ and 1 percent by 
weight of the charge additive distearyi dimethyl am- 
monium methyl sulfate were melt blended in an ex- 
truder wherein the die was maintained at a tempera- 
ture of between 130 and 145°C, and the barrel tem- 
perature ranged from about 80 to about 100°C, fol- 
lowed by micronization and air classification to yield 
toner particles of a size of 11.5 microns in volume 
average diameter- The toner particles were then 
blended with 0.4 percent by weight of AEROSIL 
#76®, 0.8 weight percent of S-1 tin oxide, and 0.35 
percent by weight of UNILIN®, reference Example I of 
U.S. Patent 4,883,736 which, UNILIN® was obtained 
from Petrolite Corporation. Subsequently, carrier par- 
ticles were prepared by dry powder coating a 50 mi- 
cron diameter copper zinc ferrite carrier obtained from 
Steward Chemical Company, 0.3 percent coating 
weight, with a mixture of KYNAR®, 43 weight percent, 
and polymethyl methacryiate, 57 weight percent. The 
resulting magenta developer was then prepared by 
blending 93 parts by weight of the coated carrier par- 
ticles with 7 parts by weight of the magenta toner in a 
Lodige Blender for about 10 minutes resulting in a de- 
veloper with a toner exhibiting a triboelectric charge 
of + 15 microcoulombs per gram as determined in the 
known Faraday Cage apparatus at a toner concentra- 
tion of 7 percent. Admix time for substantially un- 
charged added toner comprised of the same compo- 
nents of the above prepared toner is believed to be 
about 30 seconds as determined in the known charge 
spectrograph. 

Th above magenta developer can be incorporat- 
ed into a full color imaging device, or an imaging de- 
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vice equipped to general andd velop trilevel images 
according to the method of U.S. Pat nt 4,078,929. A 
full color or tril vel latent image was formed on the im- 
aging m mber, and with respect to the trilev I the low 
areas of -100 volts potential were developed with the 5 
magenta developer, followed by development of the 
high areas of -750 volts potential with a black devel- 
oper comprised of styrene butyl methacrylate resin, 
90 weight percent, carbon black REGAL 330®, 8 
weight percent, and 1 weight percent of the charge ad- 10 
ditive cetyl pyridinium chloride; and subsequent trans- 
fer of the two-color image to paper, and heat fusing of 
the image to the paper. Images formed exhibited ex- 
cellent copy quality with substantially no background 
for 400,000 imaging cycles. Also, the aforementioned 15 
magneta toner exhibited stable triboelectric charging 
characteristics, that is the triboelectric charging prop- 
erties remain relatively constant for 400,000 imaging 
cycles at relative humidities of from 20 to about 80 
percent and at temperatures of from about 25°C to 20 
about 70°C at which time the test was terminated. 

Preferably the magenta developer of this Exam- 
ple, and of the present invention can be selected for 
full color imaging wherein a negatively photoreceptor 
belt (P/R) comprised of an aluminum supporting sub- 25 
strate, a photogenerating layer of trigonal selenium in 
contact with the support, and an aryldiamine charge 
transport layer in contact with the photogenerating 
layer, and comprised of N,N'-diphenyl-N,N'-bis(3-me- 
thylphenyl) [1,1'-biphenyi]-4,4'-diamine molecules, 30 
about 60 weight percent dispersed in 40 weight per- 
cent of a polycarbonate, MAKROLON®, reference for 
example U.S. Patents 4,265,990; 4,585,884; 
4,584,253 and 4,563,408, is utilized. In the full color 
process, the following is accomplished. 35 

The photoreceptor is exposed with an image, 
which will be black; the black image is then developed 
with the above black positively charged toner on the 
unexposed areas of the photoreceptor where the 
black latent image is present (charged area develop- 40 
ment or CAD), and wherein the development system 
is a DC biased magnetic brush which uses a small (50 
microns in diameter) carrier of a copper, zinc ferrite. 
The black toner is then transferred from the photore- 
ceptor to paper by a corotron transfer system; and the 45 
paper is held in a device which is registered with the 
photoreceptor and continues to circulate with the 
same velocity as the photoreceptor, which device 
could also be a drum, or an intermediate belt. Subse- 
quently, the photoreceptor is cleaned and recharged so 
negatively; and a magenta image is then exposed 
onto the photoreceptor, that is the photoreceptor is 
exposed everywhere on the photoreceptor where one 
does not want the above prepared magenta toner. 
The magenta image is dev loped on the unexposed 55 
areas of the photor ceptor where the mag nta latent 
CAD image is present with the abov prepared posi- 
tively charged magenta ton r, or the toner of th Ex- 



amples that follow. Th d velopment system is a DC 
biased magnetic brush with an AC superimposed 
thereon, and wherein there is utilized the sam small 
(50 microns in diameter) f rrite carrier. Thereafter, th 
above magenta toner is transferred from the photore- 
ceptor to the same piece of paper on which the black 
image resides by a corotron transfer system; and this 
image is registered with the black image. The paper 
is held in a device which is registered with the photo- 
receptor and continues to circulate with the same ve- 
locity as the photoreceptor. Thereafter, the photore- 
ceptor is cleaned and recharged negatively. Subse- 
quently, the cyan image is then exposed onto the pho- 
toreceptor, that is the photoreceptor is exposed where 
one does not want the positively charged cyan toner 
comprised of the same styrene resin of the magenta 
toner, and a known cyan pigment, such as a copper 
phthalocyanine. 

The cyan image is developed on the unexposed 
areas of the photoreceptor where the cyan latent CAD 
image is; and wherein the development system is a 
DC biased magnetic brush with an AC superimposed 
on it which uses the same small (50 microns) ferrite 
carrier as illustrated herein. Subsequently, the cyan 
toner is transferred from the photoreceptor to the 
same piece of paper on which the black and magenta 
images reside by a corotron transfer system. This im- 
age is registered with the black and magenta images 
as illustrated herein with respect, for example, to the 
black. The paper is held in a device which is regis- 
tered with the photoreceptor and continues to circu- 
late with the same velocity as the photoreceptor. 
Thereafter, the photoreceptor is cleaned and re- 
charged negatively. Subsequently, a yellow image is 
then exposed onto the photoreceptor, that is the pho- 
toreceptor is exposed where one does not want yel- 
low toner; and the yellow image is developed on the 
unexposed areas of the photoreceptor where the yel- 
low latent CAD image is with a positively charged yel- 
low toner comprised of the same styrene resin as util- 
ized for the black, and a known yellow pigment, such 
as PERMANENT YELLOW FGL™. The development 
system is a DC biased magnetic brush with an AC su- 
perimposed on it which uses the same small (50 mi- 
crons) ferrite carrier as illustrated herein for the cyan. 
Thereafter, the yellow toner is transferred from the 
photoreceptor to the same piece of paper on which 
the black, magenta, and cyan images reside by a cor- 
otron transfer system, and this image is registered 
with the black, magenta, and cyan images as illustrat- 
ed herein with respect to the black. After the fourth im- 
age is transferred to the paper, the paper is released 
and transported to the fuser to be fixed, then trans- 
ported to the xerographic imaging apparatus test fix- 
ture output tray- The photoreceptor can then be 
clean d and recharged negatively and the above cy- 
cles can be repeat d. 

The pigments for ach of th above s lect d to- 
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n rs are usually present in an amount of about 5 
w ight percent. The carri r for each toner is as illu- 
strated herein with resp ct to the black with a 0.3 
weight percent coating polymer mixtur . 

EXAMPLE II 

A toner and developer are prepared by repeating 
the procedures of Example I with the exceptions that 
there is selected as the pigment 12.5 weight percent 
of flushed HOSTAPERM PINK E™ comprised of 40 
percent of pigment, and 60 percent of a styrene buta- 
diene obtained from Goodyear Chemical as PLIO- 
LITE™, and 86.5 instead of 94 weight percent of the 
styrene butadiene resin. The triboelectric charge of 
the toner is + 15 microcoulombs per gram. 

EXAMPLE III 

A toner and developer are prepared by repeating 
the procedures of Example I with the exceptions that 
there is selected as the pigment 3 weight percent of 
HOSTAPERM PINK EB™ and 96 weight percent of 
the styrene butadiene resin. The toner tribo is + 17 mi- 
crocoulombs per gram. 

EXAMPLE IV 

A toner and developer are prepared by repeating 
the procedures of Example I with the exceptions that 
there is selected as the pigment 7.5 weight percent of 
flushed HOSTAPERM PINK EB™ comprised of 40 
percent of pigment, and 60 percent of a styrene buta- 
diene obtained from Goodyear Chemical as PLIO- 
LITE™, and 91.5 instead of 94 weight percent of the 
styrene butadiene resin. The toner tribo is + 17 micro- 
coulombs per gram. 

EXAMPLE V 

A toner and developer were prepared by repeat- 
ing the procedures of Example I with the exceptions 
that there was selected as the pigment 5.75 weight 
percent of flushed FANAL PINK D4830™ comprised 
of 40 percent of pigment, and 60 percent of a styrene 
butadiene obtained from Goodyear Chemical as 
PLIOLITE™, 1.1 weight percent of BONTRON E- 
88™, an aluminum complex charge additive obtained 
from Orient Chemical Company, and 93.15 instead of 
94 weight percent of the styrene butadiene resin. The 
toner tribo was + 16 microcoulombs per gram. 

EXAMPLE VI 

A toner and dev lop rcanb prepared by repeat- 
ing the procedures of Example I with the exceptions 
that there is selected as the pigment 5 weight percent 
of LITHOL RUBINE NBD 4573™ The toner tribo is + 



19 microcoulombs per gram. 
EXAMPLE VII 

5 A toner and developer can be prepared by repeat- 

ing the procedures of Example V with the exception 
that there is selected 1.1 weight percent of BON- 
TRON E-84™, an aluminum complex charge additive 
obtained from Orient Chemical Company. The toner 

w tribo is + 16 microcoulombs per gram. 



Claims 

15 1. A toner comprising of resin particles, magenta 
pigment particles, and surface additive particles 
comprising a mixture of colloidal silica, metal ox- 
ide, and a polymeric hydroxy compound. 

20 2. A positively charged magenta toner comprising 
resin, a flushed magenta pigment, a charge en- 
hancing additive, and surface additive particles 
comprising a mixture of colloidal silica and metal 
oxide particles. 

25 

3. A toner in accordance with claim 1 or claim 2, 
wherein the magenta pigment is a FANAL PIG- 
MENT™. 

30 4. A toner in accordance with any one the preceding 
claims, wherein the resin comprises a styrene bu- 
tadiene, a styrene acrylate, or a styrene metha- 
crylate. 

35 5. A toner in accordance with claim 2, wherein the 
charge enhancing additive is a metal complex, for 
example the aluminum complex, BONTRON E- 
84™, or BONTRON E-88™; or distearyl dimethyl 
ammonium methyl sulfate. 

40 

6. A toner in accordance with any one of the preced- 
ing claims, wherein the surface additive particles 
comprise metal salts of fatty acids. 

45 7. A toner in accordance with any one of claims 1 to 
5, wherein the metal oxide is tin oxide. 

8. A developer composition comprising a toner in 
accordance with any one of the preceding claims, 

so and carrier particles. 

9. A developer composition in accordance with 
claim 8, wherein the carrier comprises a fenrite 
core with a polymeric coating thereover. 

55 

10. A developer comprising resin, magenta pigment 
particles, a negative charge enhancing additiv , 
and surface additiv particles, and carrier partic- 
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les comprised of a copper zinc ferrite core with a 
polymer coating. 

11. An imaging process which comprises (1) charg- 
ing an imaging member in an imaging apparatus; s 
(2) creating on the member a latent image com- 
prising areas of high, intermediate, and low po- 
tential; (3) developing the low areas of potential 
with a first developer comprising carrier and a to- 
ner in accordance with any one of claims 1 to 7; 10 
(4) developing the high areas of potential with a 
second developer comprising earner and a sec- 
ond toner comprised of resin, pigment, and a 
charge enhancing additive; (5) transferring the re- 
suiting developed image to a substrate; and (6) 15 
fixing the image thereto. 
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